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(54) FUEL INJECTION CONTROL DEVICE FOR INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent an air fuel 
ratio error at the time of switching by providing a 
means for temporarily correcting a fuel injection 
amount of a main fuel injection valve to be increased 
at the time of switching an auxiliary fuel injection 
valve to the operating condition, and a means for 
temporarily correcting the fuel injection amount of the 
main fuel injection valve to be decreased at the time 
of switching the auxiliary fuel injection valve to the 
non-operating condition. 
SOLUTION: During the operation of an internal 
combustion engine 1 , in a control unit 6, according to 
the engine operating condition, the fuel injection 
amount per one cylinder is computed. Further, it is 

determined whether an auxiliary fuel injection valve 5 is in the operating region or not, and 
in the case of the operating region, the sharing rate of the main fuel injection valve 4 and 
the auxiliary fuel injection valve 5 is set. Further, the required fuel injection amount is 
multiplied by the sharing rate of the main fuel injection valve 4, and multiplied by a 
previously computed designated correction rate to compute the fuel injection amount of the 
main fuel injection amount. After that, each fuel injection amount is converted to an 
injection pulse duration in consideration of fuel pressure to be set on a designated register. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Are the direct injection jump-spark-ignition type internal combustion engine which equips 
a combustion chamber with the main- fuel injection valve which injects a direct fuel, and apart from 
said main-fuel injection valve, while preparing the auxiliary fuel injection valve which can inject a 
fuel in an inhalation-of-air path In what established the chetnge-over control means which operates an 
auxiliary fuel injection valve in a predetermined service condition, and makes the fuel supply to an 
engine share with a main- fuel injection valve and an auxiliary fuel injection valve The increase-in- 
quantity amendment means which carries out increase-in-quantity amendment of the fuel oil 
consumption of said main-fuel injection valve temporarily at the time of the change-over to the 
operating state of said auxiliary fuel injection valve from a non-operating state, The fuel-injection 
control unit of the intemal combustion engine characterized by establishing the loss-in-quantity 
amendment means which carries out loss-in-quantity amendment of the fuel oil consumption of said 
main-fuel injection valve temporarily at the time of the change-over to the non-operating state of 
said auxiliary fuel injection valve from an operating state. 

[Claim 2] Said increase-in-quantity amendment means is the fiiel-injection control unit of the 
intemal combustion engine according to claim 1 characterized by setting up an increase-in-quantity 
correction factor according to an engine load at least. 

[Claim 3] Said increase-in-quantity amendment means is the fuel-injection control unit of the 
intemal combustion engine according to claim 1 characterized by setting up an increase-in-quantity 
correction factor according to the wall temperature of an inhalation-of-air path at least. 
[Claim 4] Said loss-in-quantity amendment means is the fuel-injection control unit of the intemal 
combustion engine of any one publication of claim 1 characterized by setting up a loss-in-quantity 
correction factor according to an engine load at least - claim 3. 

[Claim 5] Said loss-in-quantity amendment means is the fuel-injection control unit of the intemal 
combustion engine of any one publication of claim 1 characterized by setting up a loss-in-quantity 
correction factor according to the wall temperature of an inhalation-of-air path at least - claim 3. 
[Claim 6] Said loss-in-quantity amendment means is the fuel-injection control unit of the intemal 
combustion engine of any one publication of claim 1 characterized by setting up a loss-in-quantity 
correction factor according to the duration of the operating state of the last auxiliary fuel injection 
valve at least - claim 3. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web__cgi_ejje?u=http%3A%2F%2Fwww4.ipdl... 8/4/2006 



THIS PAGE BLANK (uspto) 



JP,1 1-303669,A [DETAILED DESCRIPTION] 



Page 1 of 6 



* NOTICES * 

JPO and NCI PI are not: responsible for any 
damages caused by the use of th.xs 'transla'kion. 

1 .This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] In the direct injection jump-spark-ignition type intemal combustion engine 
which equips a combustion chamber with the main-fUel injection valve which injects a direct fuel, 
apart from said main-fuel injection valve, this invention prepares the auxiliary fuel injection valve 
which can inject a fuel in an inhalation-of-air path, operates an auxiliary fuel injection valve in a 
predetermined service condition, and relates to the fiiel-injection control unit in the case of making 
the fuel supply to an engine share with a main-fiiel injection valve and an auxilieury fuel injection 
valve. 
[0002] 

[Description of the Prior Art] The direct injection jump-spark-ignition type intemal combustion 
engine attracts attention in recent years. In this thing According to an engine service condition, a 
combustion system by injecting a fuel like change-over control, i.e., an inhalation-of-air line It is 
common to carry out change-over control to the homogeneity combustion performed by making a 
combustion chamber diffuse a fuel and forming the gaseous mixture of homogeneity, and the 
stratification combustion performed to the circumference of an ignition plug by forming layer-like 
gaseous mixture intensively by injecting a fuel in a compression stroke (refer to JP,59-37236,A). 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, in such a direct injection jimip-spark-ignition 
type intemal combustion engine, apart from the main- fuel injection valve which injects a direct fuel 
to a combustion chamber, the auxiliary fuel injection valve which can inject a fuel is prepared in an 
inhalation-of-air path, an auxiliary fuel injection valve is operated in a predetermined service 
condition (at the time [ At least ] of homogeneity combustion), and it considers making the fuel 
supply to an engine share with a main- fuel injection valve and an auxiliary fuel injection valve. 
[0004] This aims at the following effectiveness. 

(1) An improvement of combustion by the dissolution (2) homogeneity inhalation of air of the fuel- 
oil-consumption insufficient field represented by high rotation and the heavy load (in high rotation 
and a heavy load field, since the time amount (evaporation time amount) from the injection in a 
cylinder to ignition becomes short, the fuel beforehand homogenized in the inhalation-of-air path 
(homogeneity gaseous mixture- izing) is supplied, and homogenization in a cylinder is attained) 
(3) Improvement in the volumetric efficiency by inhalation-of-air cooling (latent heat of vaporization 
is taken in an inhalation-of-air path, and inhalation effectiveness is raised). 
[0005] However, by such method, at the time of the change-over to the operating state of an 
auxiliary fuel injection valve from a non-operating state (at the time of OFF->ON), since some fuels 
injected from the auxiliary fuel injection valve adhere to an inhalation-of-air path wall and it serves 
as a wall style, the RIN error of an air-fuel ratio is temporarily produced by the transportation lag of 
the fuel by the wall style. Moreover, at the time of the change-over to the non-operating state of an 
auxiliary fuel injection valve from an operating state (at the time of ON->OFF), since a part for a 
wall style is inhaled, a fuel becomes superfluous and the rich error of an air- fuel ratio is produced 
temporarily. 

[0006] This invention takes an example by such trouble, and aims at preventing the air-fuel ratio 
error at the time of change-over of actuation and not operating. [ of an auxiliary fuel injection valve ] 
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[0007] 

[Means for Solving the Problem] For this reason, he is the direct injection jump-spark-ignition type 
intemal combustion engine which equips a combustion chamber with the main- fuel injection valve 
which injects a direct fuel in this invention (claim 1) as shown in drawing 1 . Apart Jfrom said main- 
fuel injection valve, while preparing the auxiliary fuel injection valve which can inject a fuel in an 
inhalation-of-air path In what established the change-over control means which operates an auxiliary 
fuel injection valve in a predetermined service condition, and makes the fuel supply to an engine 
share with a main- fuel injection valve and an auxiliary fuel injection valve The increase-in-quantity 
amendment means which carries out increase-in-quantity amendment of the fuel oil consimiption of 
said main-fuel injection valve temporarily at the time of the change-over to the operating state of 
said auxiliary fuel injection valve from a non-operating state. At the time of the change-over to the 
non-operating state of said auxiliary fuel injection valve from an operating state, the loss-in-quantity 
amendment means which carries out loss-in-quantity amendment of the fuel oil consumption of said 
main-fuel injection valve temporarily is established, and an intemal combustion engine's fuel- 
injection control unit is constituted. 

[0008] In this case, said increase-in-quantity amendment means is good to set up an increase-in- 
quantity correction factor according to the wall temperature (claim 3) of an engine load (claim 2) and 
an inhalation-of-air path. In addition, that what is necessary is just to detect an inhalation air content 
etc. as an engine load, direct detection of this may not be carried out about the wall temperature of an 
inhalation-of-air path, but you may substitute with an intake-air temperature or water temperature. 
Moreover, said loss-in-quantity amendment means is good to set up a loss-in-quantity correction 
factor according to the duration (claim 6) of the operating state of the wall temperature (claim 5) of 
an engine load (claim 4) and an inhalation-of-air path, and the last auxiliary fuel injection valve. 
[0009] 

[Effect of the Invention] According to this invention (claim 1), the RIN error of the air-fuel ratio by 
wall style adhesion can be prevented by carrying out increase-in-quantity amendment of the fuel oil 
consvmiption of a main- fuel injection valve temporarily at the time of the change-over to the 
operating state of an auxiliary fuel injection valve from a non-operating state (at the time of OFF- 
>ON). Moreover, the rich error of the air- fuel ratio by wall style inhalation can be prevented by 
carrying out loss-in-quantity amendment of the fuel oil consumption of a main-fuel injection valve 
temporarily at the time of the change-over to the non-operating state of an auxiliary fuel injection 
valve from an operating state (at the time of ON->OFF). 

[0010] Moreover, since a wall flow rate changes and a wall flow rate serves as size by the heavy load 
side with an engine load, an increase-in-quantity correction factor and a reduction correction factor 
are set up according to an engine load, and it can respond to these good because a heavy load side 
enlarges an increase-in-quantity correction factor and a reduction correction factor (claim 2, claim 
4). Moreover, since a wall flow rate changes and a wall flow rate serves as size by the low 
temperature side by the wall temperature of an inhalation-of-air path, an increase-in-quantity 
correction factor and a reduction correction factor are set up according to the wall temperature of an 
inhalation-of-air path, and it can respond to these good because low temperature enlarges an 
increase-in-quantity correction factor and a reduction correction factor (claim 3, claim 5). 
[001 1] Furthermore, a wall flow rate changes by the duration (ON region residence time) of the 
operating state of an auxiliary fuel injection valve, and it can respond to this good by setting up the 
reduction correction factor at the time of ON->OFF according to this time amount, since a wall flow 
rate will serve as size, if this time amoimt is long, and enlarging a reduction correction factor, so that 
this time amount is long (claim 6). 
[0012] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained below. 
Drawing 2 is the system chart of the intemal combustion engine which shows 1 operation gestalt. 
First, this is explained. In the combustion chamber of each gas column of the intemal combustion 
engine 1 carried in a car, air is inhaled from the inhalation-of-air path (inlet manifold) 3 in response 
to control of a throttle valve 2. 

[0013] And for every gas coliunn, the electromagnetic main-fuel injection valve 4 is formed so that a 
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fuel (gasoline) may be injected directly into a combustion chamber. Moreover, the electromagnetic 
auxiliary fuel injection valve 5 is formed so that a fuel may be injected in the set section (collector) 
of an inlet manifold 3 and it may distribute to each gas column [ all / gas column ]. In addition, in the 
case of a 4-cylinder, this auxiliary fuel injection valve 5 is also called the 5th valve. 
[0014] The main-fuel injection valve 4 is energized to a solenoid by the injection pulse signal to 
which the inhalation-of-air line of each gas column is outputted in a compression stroke from a 
control unit 6 synchronizing with engine rotation, opens, and injects the fuel whose pressure was 
regulated by the predetermined high-pressure force. And in compression stroke injection, in injection 
of an inhalation-of-air line, the injected fuel is spread in a combustion chamber, and homogeneous 
gaseous mixture is formed, and layer-like gaseous mixture is intensively formed in the circumference 
of an ignition plug, and it is lit by the ignition plug and bums (homogeneity combustion or 
stratification combustion). 

[0015] The auxiliary fuel injection valve 5 is energized to a solenoid by the injection pulse signal 
which is a specific region at the time of homogeneity combustion, or is outputted for every rotation 
from a control imit 6 synchronizing with engine rotation synchronizing witii a change with 
stratification combustion and homogeneity combustion at the time of homogeneity combustion, 
opens, and injects the fuel whose pressure was regulated by the predetermined low voltage force. 
And it homogenizes to some extent within an inlet manifold 3, and the injected fuel is distributed to 
each gas column. 

[0016] In addition, the fuel-supply system to the main-fuel injection valve 4 and the auxiliary fiiel 
injection valve 5 The low voltage fuel pump 8 which carries out the inhalation regurgitation of the 
fuel in a fuel tank 7, and the low voltage regulator 9 which regulates the pressure of the discharge- 
side pressure of the low voltage fiiel pump 8, The high-pressure fuel pump 10 which pressurizes 
further the fuel from the low voltage fuel pump 8, It is constituted including the high-pressure 
regulator 1 1 which regulates the pressure of the discharge-side pressure of a high-pressure fuel 
pump. The high-pressure fuel whose pressure was regulated by the high-pressure regulator 1 1 is 
supplied to the main- fuel injection valve 4 through the fuel gallery 12, and the low voltage fuel 
whose pressure was regulated by the low voltage regulator 9 is supplied to the auxiliary fuel 
injection valve 5. 

[0017] A control unit 6 is equipped with the microcomputer constituted including CPU, ROM, 
RAM, an A/D converter, an input/output interface, etc., receives the input signal from various 
sensors, it carries out data processing based on this, and it controls actuation of the main- fuel 
injection valve 4, the auxiliary fuel injection valve 5, etc. Although illustration was omitted about 
said various sensors, an engine's 1 crankshaft or cam shaft rotation is detected, and the crank angle 
sensor which can detect the engine rotational frequency NE by this, the air flow meter which detects 
the inhalation air content QA in the throttle- valve 2 upstream, the throttle sensor which detects the 
opening TVO of a throttle valve 2, the coolant temperature sensor which detects an engine's 1 
cooling water temperature TW, the intake temperature sensor which detects an intake-air 
temperature TA are formed. 

[0018] Next, the flow chart of drawing 3 - drawing 5 explains the fuel-injection control performed 
by the control unit 6. Drawing 3 is a fuel-injection control routine, and is performed for every 
predetermined rotation and every predetermined time. This routine is equivalent to a change-over 
control means. Step 1 (it is described in drawing as SI.) Based on an engine service condition at it 
being the same as that of the following, the fuel oil consumption QF of per a 1 cylinder (1 
combustion) which an engine needs is calculated. The demand fuel oil consumption QF is calculated 
so that it may be set as homogeneity combustion or stratification combustion and may specifically 
become a target air-fuel ratio (he is [ in homogeneity combustion ] generally Lean in SUTOIKI and 
stratification combustion) from an engine service condition based on the inhalation air content QA 
and the engine rotational frequency NE. 

[0019] At step 2, it judges whether it is the actuation region (ON region) of an auxiliary fuel 
injection valve. Here, let ON region of an auxiliary fuel injection valve be a specific region at the 
time of homogeneity combustion (high rotation and heavy load region). In the case of ON region of 
an auxiliary fuel injection valve, it progresses to step 3. At step 3, the rate P of an assignment of a 
main- fuel injection valve and an auxiliary fuel injection valve (rate of an assignment by the side of 
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an auxiliary fuel injection valve) is set up. This rate P of an assignment of considering as adjustable 
with an engine load is good. 

[0020] At step 4, the demand fuel oil consumption QF is multiplied by the rate P of an assignment by 
the degree type, and it is the fuel oil consumption QF5 of an auxiliary fuel injection valve. It 
calculates. 

It has doubled QF5 =2xQFxP2 because the auxiliary fuel injection valve is considered as a setup 
injection(2 cylinder every [ i.e., ] )-injected once to one rotation. 

[0021] Fuel oil consimiption QF5 of the auxiliary fuel injection valve calculated at step 5 It changes 
into injection pulse width (injection time) in consideration of fuel pressure (setting pressure of a low 
voltage regulator), and sets to a predetermined register. Thereby, if it becomes predetermined 
injection timing, an auxiliary fuel injection valve will drive by the signal of this injection pulse 
width, and fuel injection will be made in an inlet manifold. 

[0022] At step 6, a correction factor (increase-in-quantity correction factor) HOS is calculated 
according to the subroutine of drawing 4 . About this, it mentions later. At step 7, the demand fuel 
oil consumption QF is multiplied by the rate of an assignment by the side of a main- fuel injection 
valve (1-P), and it multiplies by the correction factor HOS by the degree type, and is the fuel oil 
consumption QF 1-4 of a main-fuel injection valve. It calculates. 

[0023] It progresses to QFl-4 =QFx(l-P) xHOS and step 10. Fuel oil consumption QF 1-4 of the 
main- fuel injection valve calculated at step 10 It changes into injection pulse width (injection time) 
in consideration of fuel pressure (setting pressure of a high-pressure regulator), and sets to a 
predetermined register. Thereby, if it becomes predetermined injection timing, a main-fuel injection 
valve will drive by the signal of this injection pulse width, and direct fuel injection will be made by 
the combustion chamber. 

[0024] In the case of the OFF region of an auxiliary fuel injection valve, it progresses to step 8. In 
this case, fuel injection is performed only by the main-fuel injection valve. At step 8, a correction 
factor (loss-in-quantity correction factor) HOS is calculated according to the subroutine of drawing 
5 . About this, it mentions later. At step 9, the demand fuel oil consumption QF is multiplied by the 
correction factor HOS by the degree type, and it is the fuel oil consumption QF 1-4 of a main-fuel 
injection valve. It calculates. 

[0025] It progresses to QFl-4 =QFxHOS and step 10. Fuel oil consimiption QF 1-4 of the main-fuel 
injection valve calculated as mentioned above at step 10 It changes into injection pulse width in 
consideration of fuel pressure, and sets to a predetermined register. Thereby, if it becomes 
predetermined injection timing, a main-fiiel injection valve will drive by the signal of this injection 
pulse width, and direct fuel injection will be made by the combustion chamber. 
[0026] The correction-factor (increase-in-quantity correction factor) arithmetic subroutine of 
drawing 4 is explained. This subroutine is equivalent to an increase-in-quantity amendment means. 
At step 41, it judges whether it is the first time of OFF->ON of an auxiliary fuel injection valve. In 
the case of the first time, it progresses to step 42, it sets up a correction factor (increase-in-quantity 
correction factor) HOS according to an engine load (inhalation air content QA) and an intake-air 
temperature TA (HOS> 1.0), and ends this subroutine. Here, a correction factor (increase-in-quantity 
correction factor) HOS is greatly set up, so that an intake-air temperature is so low that an engine 
load is large. 

[0027] It progresses to step 43 after the first time, and it dwindles a correction factor (increase-in- 
quantity correction factor) HOS (minute value predetermined in HOS=HOS-delta HOS;delta HOS). 
And at step 44, it judges whether it became smaller than 1.0, and in the case of HOS<1.0, a 
correction factor (increase-in-quantity correction factor) HOS is step 45, and regulates to HOS=1.0. 
[0028] By such control, as shown in drawing 6 , in case an auxiliary fuel injection valve decreases 
the fuel oil consumption of a main-fuel injection valve by assignment at the time of OFF->ON of an 
auxiliary fuel injection valve, temporarily the fuel oil consumption of a main-fuel injection valve by 
carrying out increase-in-quantity amendment Even if some fuels injected from the auxiliary fuel 
injection valve adhere to an inhalation-of-air path wall, it serves as a wall style and produces the 
transportation lag of a fuel, the RIN error of an air-fiiel ratio can be prevented by increase-in- 
quantity amendment of the fuel oil consumption of a main-fuel injection valve. 
[0029] The correction-factor (loss-in-quantity correction factor) arithmetic subroutine of drawing 5 
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is explained. This subroutine is equivalent to a loss-in-quantity amendment means. At step 51, it 
judges whether it is the first time of ON->OFF of an auxiliary fuel injection valve. In the case of the 
first time, it progresses to step 52, it sets up a correction factor (loss-in-quantity correction factor) 
HOS according to an engine load (inhalation air content QA), an intake-air temperature TA, and ON 
region residence time (HOS<l .0), and ends this subroutine. Here, a correction factor (loss-in- 
quantity correction factor) HOS is set up greatly (more smaller than 1 .0), so that ON region 
residence time is so still longer that an intake-air temperature is so low that an engine load is large. 
[0030] It progresses to step 53 after the first time, and it increases gradually a correction factor (loss- 
in-quantity correction factor) HOS (minute value predetermined in HOS=HOS+delta HOS;delta 
HOS). And at step 54, it judges whether it became larger than 1.0, and in the case of HOS>1.0, a 
correction factor (loss-in-quantity correction factor) HOS is step 55, and regulates to HOS=1.0. 
[003 1] By carrying out loss-in-quantity amendment of the fuel oil consumption of a main- fuel 
injection valve temporarily by such control, at the time of OFF->ON of an auxiliary fuel injection 
valve, in case an auxiliary fuel injection valve increases the fuel oil consumption of a main- fuel 
injection valve by assignment, as shown in drawing 6 , even if a part for a wall style is inhaled, the 
rich error of an air- fuel ratio can be prevented by loss-in-quantity amendment of the fuel oil 
consumption of a main- fuel injection valve. 

[0032] In addition, although it is larger than the fuel oil consumption before the fuel oil consumption 
of a main- fuel injection valve switching (at the time of OFF) by increase-in-quantity amendment of 
the first time at the time of OFF->ON and smaller than the fixel oil consmnption before the fuel oil 
consumption of a main-fuel injection valve switching (at the time of ON) in drawing 6 by loss-in- 
quantity amendment of the first time at the time of ON->OFF, it does not restrict to this and 
increase-in-quantity amendment or loss-in-quantity amendment should just be made to the target fuel 
oil consumption after a change-over. 

[0033] Next, other operation gestalten of this invention are explained. Synchronizing with a change 
with homogeneity combustion (homogeneity SUTOIKI combustion) and stratification combustion 
(stratification Lean combustion), this operation gestalt operates an auxiliary fuel injection valve at 
the time of homogeneity combustion, and when making the fuel supply to an engine share with a 
main- fuel injection valve and an auxiliary fuel injection valve, it is applied. 
[0034] Drawing 7 is a fuel-injection control routine, and is performed for every predetermined 
rotation and every predetermined time. At step 11, homogeneity combustion or stratification 
combustion is judged based on an engine service condition. In homogeneity combustion, it 
progresses to step 12. 

[0035] At step 12, the fuel oil consumption QFH of per a 1 cylinder (1 combustion) which the engine 
in homogeneity combustion needs is calculated. Based on the inhalation air content QA and the 
engine rotational frequency NE, specifically, the demand fuel oil consumption QFH is calculated so 
that it may become a target air- fuel ratio (generally SUTOIKI). and — since it is ON region of an 
auxiliary fiiel injection valve in homogeneity combustion ~ after step 12 and step 13-17 and 21 — it 
is — step 3- of drawing 3 — it controls like 7 and 10. A different point is the operation expression of 
step 14 and step 17, and is a point of replacing with QF and using QFH as demand fuel oil 
consumption. 

[0036] In stratification combustion, it progresses to step 18. At step 18, the fuel oil consumption 
QFS of per a 1 cylinder (1 combustion) which the engine in stratification combustion needs is 
calculated. Based on the inhalation air content QA and the engine rotational fi-equency NE, 
specifically, the demand fuel oil consumption QFS is calculated so that it may become a target air- 
fiiel ratio (Lean). 

[0037] And since it is the OFF region of an auxiliary fuel injection valve, in stratification 
combustion, it is steps 19-21 after step 18, and it is controlled like steps 8-10 of drawing 3 . A 
different point is the operation expression of step 20, and is a point of replacing with QF and using 
QFS as demand fiiel oil consumption. Of course, at step 16 and step 19, the operation of a correction 
factor (an increase-in-quantity correction factor and loss-in-quantity correction factor) HOS is 
performed according to the subroutine of drawing 4 and drawing 5 . 

[0038] By such control, as shown in drawing 8 at the time of the change-over to stratification 
combustion -> homogeneity combustion (at the time of OFF->ON of an auxiliary fuel injection 
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valve) In case an auxiliary fuel injection valve decreases the fuel oil consumption of a main- fuel 
injection valve by assignment and coincidence is increased for the formation of Lean -> SUTOIKI, 
temporarily the fiiel oil consumption of a main- fuel injection valve by carrying out increase-in- 
quantity amendment Even if some fuels injected from the auxihary fUel injection valve adhere to an 
inhalation-of-air path wall, it serves as a wall style and produces the transportation lag of a fuel, the 
RIN error of an air- fuel ratio can be prevented by increase-in-quantity amendment of the fuel oil 
consumption of a main-fuel injection valve. 

[0039] Moreover, by carrying out loss-in-quantity amendment of the fuel oil consumption of a main- 
fuel injection valve temporarily, as shown in drawing 8 , in case an auxiliary fuel injection valve 
increases the fuel oil consumption of a main-fuel injection valve by assignment and coincidence is 
decreased for the formation of SUTOIKI -> Lean at the time of the change-over to homogeneity 
combustion -> stratification combustion (at the time of OFF->ON of an auxiliary fuel injection 
valve), even if a part for a wall style is inhaled, the rich error of an air-fuel ratio can be prevented by 
loss-in-quantity amendment of the fuel oil consumption of a main-fuel injection valve. 



[Translation done.] 
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